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Summary and Overview

The Tokamak Simulation Code (TSC) is widely used for the design of
new experiments...in particular to predict flux requirements

We have now benchmarked TSC with initial NSTX results and find
excellent agreement for current and flux using measured coll currents

TSC has been coupled with a ballooning stability code and with
DCON to provide stability predictions for NSTX operation

TSC can also model initial CHI experiments where force-free current
exits and enters vessel due to applied poloidal voltage..like halo
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Tokamak Simulation Code (TSC)
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- TSC models the evolution of a free-boundary
axisymmetric toroidal plasma on resistive and
energy confinement time scales.

 The plasma equilibrium and field evolution
equations are solved on a two-dimensional
Cartesian grid....fluxes are continuous

 The surface-averaged transport equations for the
pressures and densities are solved in magnetic flux
coordinates using matrix implicit method

* An arbitrary transport model can be used,

» Neoclassical-resistivity, bootstrap-current,
auxiliary-heating, current-drive, alpha-heating,
radiation, pellet-injection, sawtooth, and
ballooning-mode transport models are all
available.

 As an option, circuit equations are solved for all
the poloidal field coil systems with the effects of
induced currents in passive conductors included.

* Realistic feedback systems can be defined to
control the time evolution of the plasma current,
position, and shape.

» Open field lines can be included, and the halo
current is computed as part of the calculation




TSC can be run In several modes

Either Or
s p(W,t) input * p(P,t) calculated from transport equation
* N(Y,1) input * n(,t) calculated from density evolution equation
o Z(P,t) input o Z(P,1t) calculated from impurity ionization physics
o |; (t) input or read from data file e |. (t) calculated from circuit equations with feedback

o full device with no up/down symmetry <impose symmetry about the midplane

Refs: NF33(1993) p. 371 NB4(1994) p. 1145
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Tokamak Simulation Code (TSC)

TSC has always been project driven. Capabilities were added as needed:

e S-1-inductive formation of spheromaks using flux core

 PBX- the effect of strong shaping on plasma axisymmetric stability, disruption
forces on the passive stabilizers, volt-second benchmarking, CD experiments

« TCV- design of a tokamak with a flexible shaping system, doublet formation
« CIT/Ignitor - volt-second consumption, disruption effects, transient ignition
 DIII-D - shape control, VDESs, volt-second benchmarking

« BPX - burn control feedback, divertor sweeping

« TPX - vertical control, shape control, plasma scenarios

 ITER - volt-second consumption, shape control, plasma disturbances

« TFTR - volt-second benchmarking, impurity injection experiments

« NSTX - volt-second requirements fora 1 MA ST
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NSTX shot 100920 predict plasma current using actual coil currents and standard transport model
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NSTX shot 100920

Comparison of TSC
(red) and data (green) at
different flux loop
locations around NSTX
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NSTX shot 100920 Current density
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NSTX shot 100920Loop Voltage
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NSTX shot 100920- T, profile
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NSTX shot 100920
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NSTX shot 100920

20 F

] g 1.__' 19
4 \

-4 4 H

@az2 4

, If'
13

Y

j

J
Pl
™

]
5 H B 8 B 2 2 2 &2 2 kB O§ A g 8 8 § 8 = = = = 2 & 8 A
= = = = = [T ]
.:—'_'-'_'_
.'( |~ \‘f\ HIW  1.B102E-05
o5 & - HAY  7.3@S1E-@1
] ] " ~te-| R, .RESIETIVE
A& . = — _,.—'F/‘ |- 0
— v —-xl | = 4 il #, RAES+INTERNAL
] 'T' L~ T, RES+INT+EXT
N " o / ] R 2. 141E-2
_'*_,.r""-' -
/ el .2 e F1 46250
@2 Al P R+I+E  5.502E-@|
D 2
/ LT TIHECSEL:
E ® Z £ B =D Z o= = 7 OB 2 8 3 £ g =2 2 =2 2 § HA A

SPPPL
~A



EJIMA CO

WS-POYNT

NSTX shot 100920

g
. !
18 HIN -7.53%8E-03
) - \ﬁ \, HA% 9. 1481E-1

t, . TOTAL HEARTIMG

.G _ . A, ALPHA'S
= 0. . DHHIL
& ,,_)"’ = . I,.TCAH
— c L. .PLOSE
|1 =
o — = E. HEAHS
| et o F..HBAEH-F
Y =l ma— & .. CYCL-AR
H..THRUR-R
H. ,LOWER-HYBRIDO
(] n =T fi=) m [-=] n =T L m (=] L} b= .E
4
3 = ]

LA

TIHE(SEL?

18
12
14
18
18
2
22 &

ful']
B2
.
At
Al
Al
12
14
16
14
20
s
24
, od
B2
e
. @A
L 2d

SPPPL
~A



1MA shot 101522-comparison of TSC results using measured coil curreitiisdata

120@188 -

| _Plasma + vessel

1e@es -

Plasma._ s -

L B

ceelen

Teeiee -

GRR 180 -

528188 -

488180
ee1ee - F

208188

vesse |l current

100100 r,-‘
B
—-10@1e8

208108 |-

q(0)

Comparison of flux loop values:
green.. TSC simulation
red....Experiment




1MA shot 101522

lp

/ simulation

100002 L

A ﬁf/

bl o]t
A

data

i
AN

402020
Y
™

2D

= <]

g

B2
i
. BE
;|

=
=

1@
.12
14

Al

.18

26
=
2d

4
z
0 lil2 =+
. /
£ : :
4 tﬁllg +BP I f}/“igf
5B T | e
————

SPPPL
A

|
A2
1
I /2B cENTRAL A \
) ]
68 W/;i! — {1
|4
R
L Be LB"
g
a4 {/4 Jf ”f"d
A=
a2 AT Br_ave
| |
g 8 § 8 8 2 2lz &8 R’ R
3 jr,_ﬂffj
2
..u-""ftr’;
"]
|
_:-""'-d-
|
_,—'—'—*fﬂ!
g ¥ 3 8 B 2 M I £ = ® N R
fime



1 MA shot 101522
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Balloon Stability History
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DCON analysis shows Mercier/Balloon stability near end in agreement with TSC...n=1 stable
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Prediction of Beam heating Shot based on 1 MA shot 101522
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Prediction of Beam heating Shot based on 1 MA shot 101522
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Balloon Stability History

Prediction of Beam heating Shot based ™ ==
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DCON analysis shows n=1 mode becomes unstable also
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Shot 102080 CHI Experiment
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Shot 102080 CHI Experiment

I, =20 kA l, = 120 kA
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Flux surfaces are greatly modified by the CHI
currents, but TSC doesn’t predict any closed field lines
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vessel current

Shot 102080 CHI Experiment
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Summary and Overview

The Tokamak Simulation Code (TSC) is widely used for the design of
new experiments...in particular to predict flux requirements

We have now benchmarked TSC with initial NSTX results and find
excellent agreement for current and flux using measured coll currents

TSC has been coupled with a ballooning stability code and with
DCON to provide stability predictions for NSTX operation

TSC can also model initial CHI experiments where force-free current
exits and enters vessel due to applied poloidal voltage..like halo
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